
FLUID SEPARATION DEVICES. SYSTEMS AND/OR METHODS USING 

A FLUID PRESSURE DRIVEN AND/OR BALANCED CONFIGURATION 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This case claims the benefit of priority of U.S. Provisional patent application serial No. 

60/245,282 filed on November 2,2000. 

10 INTRODUCTION 

The present invention is directed generally to centrifugal fluid separation devices and 

more particularly involves a pressure driven and/or balanced separation device preferably having 

5      a simplified disposable tubing and bag set used with a loopless, rotating sealless rotor. 

: H 

i\t BACKGROUND OF THE INVENTION •WW? " 

f* A number of fluid separation devices have been known and various models are currently 

C20 available for the separation of blood or other composite fluids into the various component 

n elements thereof. For example, a variety of centrifugal machines are available for separating 

^ blood into component elements such as red blood cells, platelets and plasma, inter alia. 

Centrifugation for such purposes has come in many forms in both continuous and batch 

25    types. For example, in the widely used process known as continuous centrifugation, as generally 

opposed to batch process centrifugation, a continuous input of a composite fluid is flowed into 

the separation device or chamber while at the same time the components of that composite fluid 

are substantially continuously separated and these separated components are usually then also 

substantially continuously removed therefrom. Many currently popular forms of such continuous 

30    fluid separation devices include loops of entry and exit flow tubing lines connected to the 

separation centrifuge chamber such that each loop is rotated in a relative one-omega -- two- 
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omega (lco - 2(6) relationship to the centrifuge chamber itself so that the tubing lines will remain 

free from twisting about themselves. 

An alternative form of tubing line connection to a continuous centrifugal separation 

5    device is also available in the art which does not have such a loop, but which instead requires one 

or more rotating seals at the respective connections of the tubing lines to the centrifuge 

separation chamber, again to maintain the tubing lines free from twisting. 

Batch-type centrifugation, on the other hand, usually involves separation of a composite 

10    fluid such as whole blood in a closed container, often a deformable bag, followed by a usually 

complicated process of automated and/or manual expression of one or more of the separated 

components out of the separation container or bag. A great deal of control, either automated, 

O      such as by optical interface detection, or by a diligent human operator watching a moving 

Pt      interface, is required with such previous batch-type processes. Indeed, various means and 

% 5    methods have been used in prior centrifugal separation devices, both continuous and batch, for 

W      driving fluid flow and maintaining desirable interface position control between the component 

elements being separated thereby. For example, as mentioned, various optical feedback methods 

and devices have been employed in the art. Various pumping and valving arrangements are also 

0      used in various of these and other arrangements. Alternative relatively automatic volume flow 

3>0    and density relationship interface controls have also been used; for example, in a continuous 

system by the disposition of control outlet ports in strategic locations relative to the separated 

component outlet ports. 

Nevertheless, many facets of these prior separation devices, though satisfactorily 

25    productive, may provide certain features which are less efficient than a desired optimum. For 

example, centrifugal separation devices using loops of tubing lines rotated in the above-described 

lro - 2co relationship with the centrifuge separation chamber require significant, usually 

substantially large drive mechanisms which thereby mandate that each such entire device then 

also be necessarily of a relatively large scale. Rotating seal devices, on the other hand, require 

30    intricate and often operationally problematic rotating seal structures. Still further, prior fluid 
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drive and/or interface control systems have generally been either overly complex, as in the case 

of most of the optical control models, and/or automatic volume flow/density controls may not be 

entirely efficient in separation due to the usually inherent re-mixing of some quantities of the 

centrifugally separated components. 

5 

Hence, substantial desiderata remain to provide more highly efficient centrifugal 

separation devices in terms of increased efficiency fluid flow drive and separation interface 

controls; reduced rotor drive mechanization, quantity and/or scale; and/or reduced seal need 

and/or intricacy. It is toward any one or more of these or other goals as may be apparent 

10    throughout this specification that the present invention is directed. 

S - 

Q BRIEF SUMMARY OF THE INVENTION 

WJ 5 The present invention is directed generally to centrifugal fluid separation devices and/or 

W systems for use in centrifugally separating composite fluids into the component elements thereof 
i * 

Such centrifugal separation systems include unique centrifugal rotor and rotor/fluid container 

H'      combinations in which each rotor, preferably with a plurality of containers positioned therein, 

0      may together be disposed in a freely rotatable disposition relative to the rotational drive unit. 
m 
rto    Freely rotatable indicates loopless and rotating sealless as well as the preference that the rotors 

^       may be magnetically or otherwise non-invasively driven. A totally closed system may thus also 

be preferably provided hereby with simple sterilization and disposability of the fluid 

container/tubing combination and/or the rotor. 

25 Each rotor has a substantially central composite fluid receiving/containing area, at least 

one component collection area and at least one fluid flow channel denned therein. In a preferred 

embodiment, a composite fluid to be separated into component parts may then be delivered to the 

fluid receiving or containment area preferably in a composite fluid container or bag. Then, under 

centrifuge conditions, the composite fluid may travel from the composite fluid container through 

30    a radial fluid inlet channel to a circumferential fluid separation channel where under subjection to 
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centrifugal forces, the composite fluid may be separated into respective components. These 

components may then travel through respective circumferential channel portions to respective 

component collection areas where they are preferably collected in collection containers or bags. 

These separated fluids may then be removed from the separation device in or from the collection 

5    bag or bags for storage, further processing or may then be returned to the donor. The composite 

fluid is preferably whole blood, and the respective components may then be plasma and red 

blood cells (RBCs), although buffy coats and/or platelets, inter alia, may also be harvested 

herewith. 

10 The respective circumferential channel portions preferably include and/or are connected 

with first and second fluid outlet channel portions through which the separated components may 

flow to the respective collection areas. These first and second outlet channels preferably have 

Q      respective first and second outlets which are preferably located at relative radial positions that are 

n     selected to be related to each other so as to provide a substantial hydraulic or hydrostatic fluid 

% 5    pressure balance between the outlets for the respective separated fluids flowing therethrough. 

Such a fluid pressure balance preferably controls the desired location of the interface between the 

J7      separated fluid components within the circumferential separation channel. The preferred outlet 

channel height relationship which provides this hydraulic balance may be derived from the 

Q      general hydrostatic equation p2g2h2 = p3g3h3 wherein the height or radial distance of the first 

§0    outlet channel is h2, and the height or radial distance of the second outlet channel is h3. These 

relative lengths, h2 and h3, may then be selected so as to provide the appropriate preferred 

pressure balance given a separable composite fluid to be flowed in separated fluid component 

parts therethrough. The other variables in the above equation are either fluid dependent, see e.g., 

p2 and p3 which represent the respective densities of the separated fluids in the first and second 

25    outlet channels, or are otherwise relatively non-selectable and/or for the most part not as 

consequential or are relatively non-governing in the general equation; e.g., the g2 and g3 variables 

are gravitational acceleration values representing the respective average g value in each of the 

two columns, which maybe a similar, if not a substantially equal value (i.e., even though there is 

likely a distinction, g2 may generally vary a relatively small amount from g3> in normal operation. 

30    Hence, however, the dominant driving, selectable differences will be in the relative heights h2 
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and h3 which may simply be chosen to accommodate for any differences in the other terms, p or 

Thus, for a composite fluid such as whole blood, where the respective densities of the 

5    separable component parts, e.g., plasma and RBCs, are known (within sufficiently controllable 

ranges), then the respective heights, h2 and h3 may be chosen to appropriately set the location of 

the interface of separated components therebetween. This interface will thus remain where 

desired, preferably in the separation channel notwithstanding a substantially continuous inflow of 

composite fluid to be separated and a substantially continuous outflow of separated components. 

10    Note, although a radial direction is preferred for the measurement of these "heights" from a 

reference circle inward toward the central axis; however, the channels (inlet and outlet) need not 

be disposed on a radial path. Non-radial and circuitous channel paths may also be effective and 
»■■ ■" 
p     provide the pressure drive and balance relationships described herein. Also, the reference line or 

S     circle from which the "heights" may be measured may be arbitrary but is preferably within the 

tfS    fluid pathway and here is described relative to the heavier phase separated component (e.g., 

Ly     RBC) outlet from the peripheral channel. 

Other similarly derived relationships of interest particularly relative to the dynamic 

Q     forcing of the fluid flow in this invention, inter alia, are also involved in the systems of the 

pD    present invention. For example, a further preferred aspect of the present invention involves a 

preferred relationship between the outlet fluid pressure term(s) and the inlet pressure term, 

particularly as these are impacted by the selection of the outlet channel heights or lengths h2 and 

h3 as described above as well as the inlet channel height or length hi. Here, the fluid will flow in 

a continuous forward fashion so long as the inlet fluid pressure term pigihi is at least greater 

25    than either of the outlet fluid pressure terms pigihi and P3g3h3. In an equation form, this 

relationship is; 

Pigihi > p2g2*i2    or,    pigihi > p3g3h3 • 
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This relationship governs a general forcing of the fluid flow in one direction out of the initial 

receiving/containment area, into the separation channel and from there into the respective 

component collection areas. 

5 It is to be understood that both the foregoing general description and the following 

detailed description are exemplary, and are intended merely to provide limited explanation of 

preferred embodiments of the invention as more broadly claimed. These and further aspects of 

the present invention will become clearer from the detailed description read in concert with the 

drawings in which like component elements are referenced therein with like component numbers 

10    throughout the several views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1115    In the drawings: 

Fig. 1 is a partially exploded isometric view of a separation system of the present 

invention as may be operably positionable with respective fluid containers and a human donor; 

So Fig. 2 is an isometric view of a rotor/centrifuge part of a separation device according to 

*•*      the present invention as taken from the embodiment shown in Fig. 1; 

Fig. 3 is a plan view of a rotor as shown in Figs. 1 and 2; 

25 Fig. 4 is a cross-sectional view of the rotor of Fig. 3 taken along line 4 - 4, thereof; 

Fig. 5 is a view of a tubing and bag system as in the embodiment of Fig. 1; 

Figs. 6 A, 6B and 6C are cross-sectional views of the rotor of Fig. 3 taken along line 6-6 

30    thereof and including a tubing and bag system as in Fig. 5 therein; 
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Fig. 7 is a broken away, plan view of a portion of the rotor of Figs. 1,2 and 3; 

Fig. 8 is an alternative plan view of a rotor such as that shown in Figs. 1-4 shown in use; 

Fig. 9 is an isometric view of an alternative rotor/centrifuge of a separation system such 

as in Fig. 1 and like the rotor of Fig. 3; 

Fig. 10 is a plan view of the alternative rotor/centrifuge of Fig. 9; 

Figs. 11 A, 1 IB, 11C and 1 ID are cross-sectional views of the alternative devices of 

Figs. 9 and 10 taken along line 11 — 11 of Fig. 10; 

Fig. 12 is a plan view of an alternative rotor according to the present invention; 

Fig. 13 is a plan view of another rotor alternative according to the present invention; 

Fig. 14 is an isometric view of a rotor/centrifuge of the separation device embodiment of 

Fig. 13; 

Fig. 15 is a cross-sectional view of the alternative rotor/centrifuge of Figs. 13 and 14 

taken along line 15-15 thereof; 

Fig. 16 is a plan schematic view of a tubing and bag system for use in the alternative 

embodiments of the present invention shown in Figs. 12-15; 

Fig. 17 is an exploded partial isometric view of the alternative embodiment of the 

rotor/centrifuge of Figs. 13-15 with a tubing and bag system according to Fig. 16; 
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Fig. 18 is a partially isometric view of a rotor alternative as in the embodiment of Fig. 17; 

and 

Figs. 19A, 19B, 19C and 19D are partial plan views of the alternative embodiment of the 

5    rotor/centrifuge of Fig. 13 shown in use. 

DESCRIPTION OF A DETAILED EMBODIMENT 

10 A fluid pressure-balanced, loopless, rotating sealless separation device according to the 

present invention is depicted in the attached drawings and identified by the general reference 

number 10 therein. Note, the processing of whole blood as the preferred composite fluid is 
z 
s      described in the preferred embodiments herein, although other composite fluids may also be 

processed hereby. Red blood cells (RBCs) and plasma are the primary preferred components 

y 5    described as separated from whole blood herein, although processing for the separation and 

hi       collection of buffy coats, platelets or white blood cells, inter alia, may also be accomplished 

1 herewith. 

3 As shown for example in Fig. 1 in relation to a donor 11, a separation device 10 may 

€0    generally include a motor base 12 and a centrifuge unit 14 with a tubing system 16 having one or 

more tubing lines 18,19,20 and 21 and associated reservoirs or bags 22,23, and 24. A separa- 

tion vessel 26 is also shown as part of the tubing system 16. A preferred tubing set 16 with 

associated lines 18-21, bags 22-24 and vessel 26, is shown in more detail in Fig. 5 (see further 

description thereof below). These primary component parts and some optional tubing lines and 

25    associated optional componentry will be further described below. Note, the option of using an 

anticoagulant (A/C) would be preferred, though as an alternative to adding the A/C during 

collection (see A/C assembly 99 shown schematically in dashed lines in Fig. 1), such 

anticoagulant may be pre-packaged (not directly shown) in the whole blood collection bag 22, 

and/or may be later added (after disconnection from the donor) and/or may be determined to be 

30    not necessary in a direct donor draw like that shown in Fig. 1. 
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In the preferred embodiment, the motor base 12, which may also be referred to as the 

drive portion of the separation device 10, is preferably a table-top sized, simply transportable 

magnetic (or other drive-type) apparatus which in the magnetic embodiment creates a spinning 

5    magnetic field. The motor base 12 may create this spinning magnetic field by, for example, 

physically spinning or rotating one or more magnets disposed therein about a rotational axis 

defined vertically therethrough, or, the magnetic field could be created alternatively by charging 

one or more magnets, or electromagnetic coils, in a controlled rotational sequence as is known 

generally in the industry. Other alternative drive mechanisms may also be used. In one non- 

10    exclusive example, the motor base 12 could have a spindle (not shown) emanating therefrom or a 

notched protrusion receptacle (also not shown) either of which being adapted to engage with a 

corresponding spindle receptacle or a notched protrusion (neither shown) disposed in the bottom 

O      of the rotor 40 of centrifuge 14 (an exemplary spindle receptacle 500 is shown in Fig 15, as 

Q      described below). The motor base 12 would then spin its corresponding member to thereby 

% 5    impart, through the mechanical engagement, a rotational movement to the rotor 40. 

U 
3 In any case, the centrifuge unit 14, which may also be referred to as the centrifuge portion 

or part of the separation device 10, is preferably a self-contained and potentially (though not 

M      necessarily) disposable unit which readily mates with the motor base 12. A preferred, readily 

f§20    mating relationship is as follows. Motor base 12 is preferably a flat-topped device which 

generates a spinning magnetic field that emanates out of the flat-top surface 13 thereof. 

Centrifuge unit 14 then preferably has a substantially flat-bottomed portion which may be readily 

placed in operative relationship with or simply set upon the flat-top surface 13 of motor base 12. 

A preferably flat-bottomed surface 15 of unit 14 may thus be disposed in surface-to-surface 

25    contact with the top surface 13 of motor base 12. In the preferred embodiments, this surface-to- 

surface contact relationship is preferably substantially horizontal The axis of rotation (see 

description relative to Figs. 3 and 4, below) is preferably substantially perpendicular to the flat- 

top surface 13 of base 12 and to the flat-bottomed surface 15 of unit 14 and would thus be 

substantially vertical in the preferred embodiments shown and described herein. 

30 
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As depicted in Fig. 1, the centrifuge unit 14 may include an outer housing 30 and an 

internal rotor 40. In broad terms, the outer housing 30 preferably includes a bottom wall 32 (the 

exterior face of which being the flat-bottom surface 15 described above), a circumferential 

wall 34, and a top wall or lid 36. The bottom and circumferential walls 32,34 are preferably 

5    contiguous and may at least partially be integrally conjoined or formed, although they may each 

be separately-formed elements which are subsequently joined. In either case, these walls may 

(but not necessarily) form a fluid-tight arrangement. The lid 36 is preferably adapted to be 

positioned to cover circumferential wall 34 in a potentially fluid-tight arrangement, or may 

simply cover rotor 40 in a not necessarily fluid tight arrangement to maintain the tubing and bag 

10    system 16 therein during rotation. Though preferred in one embodiment, housing 30 need not be 

fluid-tight in this invention; moreover, it is not necessary in operation so long as the tubing and 

bag set 16 is fluid-tight, and so long as this set 16 may be sufficiently retained in/on the rotor 40 

jrj      during rotation as will be described below. 

tf|5 As shown in Fig. 1 and also as shown in Figs. 2 and 3, a preferred rotor 40 has four 

|;d      general areas; namely, a separation area 41 where the separation is accomplished, a whole blood 

containment area 42, an RBC (red blood cell) area 43 where RBCs are collected preferably in a 

storage container (see below), and a plasma area 44 for collection of plasma. The separation 

O      portion or area 41 of a preferred internal rotor 40 of centrifuge unit 14 is shown in more detail in 

fjo    Figs. 2 and 3 (and see Figs. 7 and 8, described below). In this embodiment (see Fig. 2), the 

separation portion 41 may also be referred to as including or being part or all of a substantially 

peripheral separation channel 50 of the rotor 40. As depicted here, the separation portion 41 is a 

feature of an overall fluid flow configuration presented by rotor 40 which preferably provides a 

fluid pressure drive relationship for forward flow control and a pressure balance relationship for 

25    component interface control. Thus, the rotor configuration includes a substantially central 

composite fluid containment pocket or area 42 which is connected in fluid communication with a 

radial transport channel 46 via a radial inlet port 48 defined therebetween. Radial transport 

channel 46 runs preferably radially outwardly to a substantially circumferential separation 

channel 50 which branches at the inlet 49 thereto. The adjective circumferential is intended here 

30    to indicate the channel which is at or near the circumference of the rotor 40, and traverses a path 

B0023-US01 -10- 



which is somewhat circumferential there around with exceptions as described below. Transport 

channel 46 (also referred to as an inlet channel 46) is open to and provides for fluid communica- 

tion with the circumferential separation channel 50. Circumferential channel 50 then runs from 

this fluid communicative intersection at inlet 49 with the radial transport channel 46, substan- 

5    tially circumferentially around the periphery of rotor 40 to the respective outlet regions 51,52 of 

channel 50. The outlet regions 51,52 will be described in further detail below; however, it 

should first be noted that the circumferential channel 50 also provides for fluid communication 

herewith, and thus provides respective communication with both of the two separate outlet 

channels 53, 54 defined here as leading from the respective outlet regions 51, 52 to the respective 

10    RBC and plasma collection pockets or areas 43,44. Outlet channel 53 thus connects through an 

outlet aperture 55 to RBC collection area 43. And, channel 54 similarly connects through an 

outlet aperture 56 to plasma collection area 44. Further, the cross-sectional view of Fig. 4 shows 

O      the radial transport channel 46 as it leads from the composite fluid containment area 42 to the 

H      circumferential channel 50. This Fig. 4 also shows a cross-sectional view of the first outlet 
5 ft 
*J15    channel 53 leading inwardly from the circumferential channel 50 to the first outlet aperture 55, 

4U      and also shows a cross-sectional view of the second outlet channel 54 as it leads also inwardly to 
Ms 
s        the second outlet aperture 56. 

O Note channel 50 has a preferred spiraled shape such that the heavier separated component 

CEO    outlet area (here area 51) is located radially further outwardly than the lighter phase outlet area 
Ms 

(52, here). Separation and flow mechanics which follow from this configuration will be 

described in further detail below. 

As depicted primarily in Figs. 1-3, as well as in the cross-section of Fig. 4, the respective 

25    whole blood/composite fluid containment area 42 and channels 46, 50, 53 and 54 are preferably 

defined by substantially vertical walls, such as the peripheral wall 62 which defines the 

containment area 42, the radial walls 64, 65 which define the radial transport channel 46, the 

respective inner and outer, substantially circumferential walls 66,67 defining the circumferential 

channel 50, first outlet channel walls 72, 73 defining the first outlet channel 53 and the second 

30    outlet channel walls 74,75 which define the second outlet channel 54. Generally, adjacent walls 
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are preferably coterminous with each other and may thus meet at corner edges, or transition 

zones such as the corner edges or zones 76, 77 disposed between respective adjacent walls 64 

and 66; and 65 and 66 at the intersection 49 of radial channel 46 with circumferential channel 50. 

Though some edges are shown, adjacent walls may, however, more preferably merely blend into 

5    each other or meet in a graduated merging fashion such as may be understood from these 

rounded edges 76,77 at the meeting of inner circumferential wall 66 with the inlet channel walls 

64,65 as they lead into and eventually define the inlet/intersection area 49 (see Figs. 2 and 3). 

Overhanging lips or ledges 60 and 70 (not shown in Figs. 1-4; but see Figs. 6A, 6B 

10    and 6C, described below) may also be preferably disposed in and around the inlet fluid 

containment area 42 (see ledge 60 in Figs. 6A, 6B, and 6C) and/or around external walls of 

collection areas 43,44 (see ledge 70 in Fig. 6C) to retain fluids within areas 42, 43 and/or 44, as 

0      will be described further below. Though not shown here, overhanging lips of this sort may also 

S      be disposed on or over other walls covering other fluid passageways or channels such as the 

Hi 5    circumferential channel 50, e.g. as may be desired. Further descriptions of such alternatives will 

W      become more apparent below. As another alternative, a covering ceiling may be provided by 

~        lid 36 (shown open in Fig. 1 and in dashed lines over rotor 40 in Fig. 4) which can be attached 

over the respective areas 42, and/or 43,44, and/or channels 46,50, 53 and 54 to retain the fluids 

O       therewithal. Other examples of such ceilings are shown and described with respect to the 

rpO    alternative embodiments of Figs. 9,10 and 11 A-l ID, see below. 

Also note in Fig. 4 a piece of metallic material 80 is preferably disposed within the lower 

part 81 of the rotor 40. At least one such piece of metallic material 80 is preferably disposed 

therein to interact with the preferred magnetic drive force of the rotating magnetic field generated 

25    by the base 12 to spin the rotor 40 about the rotational axis 45 (see description below) preferably 

within a substantially stationary housing 30. 

Note, the rotor 40 shown in Figs. 1-4 may be formed by various methods using a variety 

of materials. However, molded plastic may provide one simply recognizable form. Lightweight 

30    yet durable parts are preferred. Simply designed pockets 42,43, 44 and channels 46, 50, 53 
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and 54 may then be easily constructed in a weight balanced rotor 40 particularly relative to the 

semi-spiraled channel 50; where outlet 51 is disposed further radially outward than outlet 52. 

The rotor 40 may also be made for disposability (as for example, if the rotor 40 may be used for 

blood separation without a bag set 16, see, e.g., a fluid tight lid 36 as disposed on rotor 40 in Fig. 

5    4 which could thus be used for such a purpose); or, more likely, may be made for numerous 

repetitive uses with a series of discrete bag sets 16; such bag sets providing for complete sealed 

enclosure of the blood and blood components therewithin so that the rotor 40 does not come into 

contact therewith. Rotor 40 would then require limited or no sterilization or disposal after each 

use. 

10 

As introduced in Fig. 1 above, the preferred system 10 uses a tubing and bag system 16 

which is shown in more detail in Fig. 5. As shown here, this bag system 16 includes three bags 

O       22,23 and 24 each connected to a centrifugal separation vessel 26 through respective tubing lines 

O       19, 20 and 21. A fourth tubing line 18 is, as shown, connected to a needle/access device 17 

t45    which can be used to connect the system 16, and particularly bag 22 to a donor/patient 11 as in 

W      Fig. 1. After an initial collection, the majority portion of tubing line 18, together with 

*        needle/access device 17 may be sealed off from and cut and/or removed from bag 22 using, in 

Lfe       one example, a radio frequency (RF) heat sealing device (not shown) as understood. This 

y       removal may be made at a portion of tubing line 18 near bag 22 as indicated by the dashed line 

1320    box 25, e.g. See also, Figs. 6A, 1 IB and 16, which show the sealed end 25a of tubing line 18 

after such a disconnection. As will be described, similar disconnections of bags 23 and 24 (and 

perhaps also of bag 22 from vessel 26) at their respective tubing lines is also preferable, though 

occurring after the centrifugal separation process. In a preferred embodiment, each of the 

bags 22,23, and 24 also includes an air vent structure 27 to either allow air to enter the bag (as it 

25    could in bag 22 as whole blood leaves the same during use) or allow air to leave the bag (as it 

might in bags 23 and/or 24 when respective separated components would flow thereinto during 

centrifugation, see description below). Microbiological filters (0.2 micron size and the like) may 

be used in vents 27 to maintain sterility. Further, each of the bags may also include a port 

structure 28 (see bags 23 and 24 in Fig. 5; but not shown for bag 22 therein) for, inter alia, 

30    subsequent access to the collected separated components which may be disposed therein. Other 
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structures and/or uses therefor may be disposed on or in or for each bag as may be understood 

and/or desired in the art (see, e.g., frangible closures as in Fig. 16, below). 

Note, construction of the bag and tubing line parts of system 16 may take many 

5    understood forms and use many known materials. Flexible materials are preferred. For example, 

RF or heat welded sheet plastic (e.g. plasticized PVC bags and extruded flexible tubing lines are 

preferred (though blow-molded or other types of containers (e.g., glass) and lines may be used). 

Even vessel 26 may be formed from RF or heat welded flexible plastic sheets in an elongated 

form (see generally Fig. 16, also). However, vessel 26 maybe molded (or otherwise formed) into 

10    a somewhat rigid device if desired, and/or may include discrete parts such as a top 26a and 

bottom 26b, an inner wall 26c and an outer wall 26d. On the other hand, vessel 26 may be an 

•j;      integrally formed unit (molded, extruded or otherwise) without discretely identifiable parts. For 

O      example, vessel 26 may even simply be a tubing line much like the other tubing lines, though 

m      perhaps of a larger inner diameter. Vessel 26 may also be very flexible and take its shape 

ft 5    primarily from channel 50 in which it is disposed during use. Or, vessel 26 may be moderately 

\*       flexible, having a particular shape retentionability or resilience, yet being pliable before, during 

§4       or after use. Vessel 26 may also be a substantially rigid part, formed into the preferred operable 

Z       shape for centrifugation and separation of the component elements therein. 

Ill 

p20 Returning now to Figs. 1-3 and including some reference to Figs. 5, 6A, 6B and 6C, a 

general description of the preferred blood and blood component flow paths, when device 10 is 

used for the separation of blood into components, will now be described. First, note that the flow 

paths are preferably within bag and tubing set 16 as disposed within rotor 40 (see Figs. 1 and 6A- 

6C); however, in some embodiments, a bag set may not be used and the respective flows may 

25    simply be in the channels and pockets of rotor 40. In any case, as generally shown, particularly 

in Figs. 1 and 5, for the tubing line flow paths, whole blood is drawn from the donor 11 and 

flows through needle 17 and tubing line 18 to the bag 22 perhaps while bag 22 is in, but 

preferably before disposition of bag 22 in the centrifuge device 14. If before disposition in 

rotor 40, then bag 22 may be disposed in a separate container (not shown) or hung from a hook 

30    (not shown) as understood in the art for collection of whole blood from a donor 11. If as shown 
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in Fig. 1, and as preferred, no pump is used along line 18, then tubing line 18 will be connected 

to the bag 22 in a fashion which preferably allows for gravity drainage thereinto. A temporary 

outflow stopper as by a frangible connection or a slide or roller clamp (not shown in Fig. 5) may 

be used in line 19 during collection in bag 22. Briefly, also shown in the Figs. 1 and 5 

5    depictions, are the other tubing lines 19,20 and 21 of tubing system 16 which provide the inlet 

and exit flows to and from the vessel 26 as this will be disposed in the centrifuge rotor 40 during 

subsequent centrifugation. Thus, during such centrifugation (and preferably after disconnection 

from donor 11 and after cutting away tubing 18 and needle 17 at cut off point 25 as described 

above), the whole blood will be made or allowed to flow from bag 22 to the vessel 26 through 

10    tubing line 19, and after separation in vessel 26, the separated blood components; namely, red 

blood cells (RBCs) and plasma will flow through respective tubing lines 21,20 for collection in 

respective containers 23,24; RBCs in line 21 to container 23 and plasma through tubing line 20 

Q      for collection in container 24. 

S 5?S 
'{A 5 Note, shown schematically also in Fig. 3 are optional clamps or valves 153 and 154 

W disposed in or adjacent channels 53, 54 and which may be used to ensure no flow conditions in 

a channels 53, 54 until desired, as for example, until a sufficient rotational speed has been 

2 achieved. These may thus be centrifugal clamps which may be disposed on the rotor 40 and may 

p be automatically activated by the achievement of a particular minimum rotational speed of rotor 
fl 5 

p20    40. Alternatively, these clamps may be manual (typical pre-rotation activation) or automated by 

other mechanical and/or electrical means to open and/or close during (or before or after) rotation. 

A similar optional valve 146 may also be disposed on inlet channel 46 as shown in Fig. 3 as well. 

Prior to and during centrifugation, tubing lines 19,20 and 21 are preferably disposed in 

25    corresponding channels formed in the rotor 40. Thus, the flows in and through the centrifuge 

unit 14 of the separation device 10 are as follows (with or without tubing lines, as introduced 

above). Whole blood from the donor 11 now preferably contained in bag 22 (or perhaps 

collected otherwise, e.g., directly into rotor 40) is initially placed in the composite fluid 

containment area 42 of the rotor 40. The empty collection bags 23,24 are preferably positioned 

30    in their respective collection pockets 43,44 as are the respective tubing lines 19,20 and 21 
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within their respective channels 46, 53,54. Vessel 26 is likewise preferably disposed in the 

channel 50. See Fig. 6A. While in the receiving/containment area 42, the blood is then exposed 

to centrifugal forces when rotor 40 is spinning (which the rotor 40 is preferably made to do after 

the whole blood (preferably in bag 22) is placed into or is otherwise resident within centrifuge 

5    unit 14). Note, the initial exposure of blood to the centrifugal forces is relative to the axis of 

rotation 45 (see Fig. 3 where axis 45 is shown as a crosshead indicating the perpendicularity 

thereof relative to the drawing sheet and see Fig. 4 where it is shown as a dot-dash line). Under 

the centrifugal forces of the spinning rotor 40, the blood is moved to the periphery of the 

containment area 42 (see Fig. 6B) and is thus generally moved into a generally abutting 

10    relationship with the wall 62 which defines the containment area 42. As can then be seen from 

Fig. 6B the whole blood (identified generally therein by the reference number 90) is preferably 

held substantially vertically within the receiving area 42 by either an overhanging lip 60 (as 

O      shown in Figs 6A, 6B and 6C) or a lid 36 (as shown in dashed lines in Fig. 4). The blood 90 may 

O      also take on a quasi-parabolic shape under such a lip 60 such as is shown in Fig. 6B when 

*~A5    subjected to the centrifugal forces of a spinning rotor 40. Note, in a preferred embodiment, air 

W      may be allowed to flow into bag 22 as whole blood first seeks the outer wall 62 of the 

s        containment area 42, and still further during operation as whole blood leaves the containment 

y:      area 42. Though not necessary, air may also be allowed to leave bags 23, 24 as separated 

5      components enter. Such air ingress and egress may preferably pass through respective vents 27 

O20    (Figs. 5 and 6A and 6B). Microbiological filters (e.g. 0.2 microns) may be used in vents 27 to 

maintain sterility inside the closed bag system 16. 

A continuous flow of the whole blood 90 will then escape from the fluid receiving 

area 42 into the radial channel 46 through tubing line 19. This blood will then travel radially 

25    outwardly and then flow into the circumferential channel 50. This is shown schematically in Fig. 

7 wherein flow arrows are provided to show the direction of flow throughout the preferred 

centrifugation configuration therein. This first radial flow is indicated by flow arrow 85 and then 

continues on, into and goes both ways (see arrows 87 and 88) around the circumferential channel 

50 for ultimate passage out of the separation area 41 through the outlets 51,52, channels 53,54 

30    and apertures 55 and 56 (see Figs. 2 and 3). First, it should be noted that when the centrifuge 
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rotor 40 is spinning (again, as it preferably will be whenever blood is disposed therein), this will 

impart centrifugal forces on the blood which will then separate it into two primary components; 

namely, red blood cells (RBCs) and plasma. The heavier RBCs will settle outwardly under these 

centrifugal forces, and will thus accumulate, in a still continuously circumferentially flowing 

5    fashion, against or adjacent outer wall 67 of channel 50. This action is shown in detail in Fig. 7, 

wherein both the radial and the circumferential flows are indicated with arrowheads in the 

respective channels 46, and 50. The RBCs are identified generally by the reference number 91 in 

Fig. 7, and the plasma is similarly identified generally by the reference number 92. Also, it 

should be noted that component separation will likely generally occur, as shown partially in Fig. 

10    7, throughout the travel of the blood around the circumference of the separation area 41 within 

the circumferential channel 50. For this reason, the circumferential channel 50 may also be 

referred to as the separation channel. 

1l5    arrowhead 87 for RBCs within the channel 50 is shown with a clockwise centrifugal rotation 95 

W      of rotor 40 as shown in Fig. 7, this is not intended to be limiting as centrifugal rotation 95 may be 

counter-clockwise, or clockwise RBC flows are also foreseeably operable with a clockwise or a 

JT       counter-clockwise rotor rotation 95. Similarly depicted is a clockwise plasma flow 88 with a 

O      clockwise rotation of the rotor 40 as indicated by the large arrow 95 in Fig. 7, although again, 

Q20    opposite directions and/or combinations of directions for any of these flows are foreseeable as 

Even though the flow in and through the circumferential channel 50 is where a substantial 

part of the separation takes place such that the RBCs are forced toward the outside wall 67 (see 

25    Fig. 7), the fluid flow (as well as the fluid separation) is nevertheless preferably continuous 

throughout. In other words, the inlet flow of whole blood to channel 50 is preferably continuous 

as are the outlet flows of plasma and RBCs from channel 50. This flow continuity is preferably 

driven by the relative off-set "heights" of the inlet and outlet ports 48, 55 and 56 as will now be 

described in more detail. The term "heights" is used here in a fluid dynamic, fluid pressure- 

30    balance sense for referring to various fluid distances measured from a common baseline such as 

Moreover, although a generally counterclockwise flow pattern as depicted by the 

well. 

B0023-US01 -17- 



the outer rotor or fluid flow circumference or a similar circular reference (see exterior rotor 

surface 97) of the centrifuge separation area 41 radially inwardly toward the axial center 45. See, 

e.g. Fig. 8 which has generally wider channel portions to assist in demonstrating the respective 

"heights." More specifically, the height of the radial transport inlet port 48 of channel 46 is the 

5    height, or radial length of the radial channel 46, also designated as hi in Fig. 8 from the reference 

circle 97 to the inlet port 48. Note, rotor reference circle 97 is thought to be substantially 

arbitrary in its position {i.e., no specific radius required), the primary conception of which is that 

it provide a substantially common baseline from which to measure the relative heights, hi, h2, 

and h3. Even so, one preferred datum or reference (of various possible) is in the fluid flow 

10    channel as for example at the heavy phase/red blood cell outlet (generally referred to as outlet 51) 

from the peripheral channel 50; see dashed line reference circle 97 in Fig. 8. 

CI Then, as the inlet port height is the relative height of the inlet flow channel 46, and is 

S designated hi; so also are the outlet port heights the relative heights of the outlet flow 

*JA5 channels 53, 54 to the outlet ports 55,56, and are designated h2 and h3, respectively in the same 

W Fig. 8. Then, for a fluid to be able and/or driven to flow from the inlet 48 toward the outlets 55, 

■ 56, the inlet fluid static pressure, pigihi, in the inlet transport channel 46 must be greater than 

Vk either or each of the two outlet fluid static pressures, p2g2h2 and p3g3li3 (P(i,2 or 3) is the fluid 

S density, g(i)2 or 3) is the gravitational or centrifugal acceleration quantity and h(i, 2 or 3) is the 

G20 relative fluid height of each channel inlet or outlet port as described above). Thus, for the 

preferred positive flow in the direction of the arrows in Figs. 7 and 8; 

Pigihi > p2g2h2 , or,   pigihi > p3g3h3 (Equation 1). 

25 Furthermore, though accurate as a generalized concept, this summarization is both subject 

to simplification and/or may in other ways be somewhat over-simplified. The primary invention 

selectable driving values are the respective h quantities as have been distinctly defined above. 

However, even though the respective g gravitational or centrifugal acceleration values are more 

purely non-constant variables (as depicted by the subscripts 1,2 and 3 therein), particularly in 

30    view of the large centrifugal forces applied in the present system and the different radial lengths 
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of each column, these may be nevertheless considered substantially similar values, at least in 

considering which respective values will be more responsible for driving the entire equation. 

Moreover, particularly when considering the driving variable relationships herein under practical 

consequences (the h's and p's will vary more widely than the g values); the g values may be 

5    considered as substantially equivalent values throughout the above equation for each of the above 

fluid pressure terms (at least when operating within a substantially common centrifugal force 

field and RPMs). In other words, the differences between the different g values are small enough 

such that the selection of the respective h values will more than accommodate for the differences 

therein in the desired centrifugation configuration. Similarly, though the p values will likely 

10    provide greater distinctive differences for each term in this formula than the g values, the relative 

h values may be chosen in design to accommodate for these also. Note also however, these 

. s       p values are dependent on the fluids flowing herein and are not as amenable for selecting or for 

P      establishing the desired configuration. In blood separation, the first p value, in pigihi, is the 

0       density of the composite fluid in the transport channel 46; here in the principal embodiment, the 

]fi 5    density of whole blood before separation, whereas, the second and third p values, appearing in 

■Ff      P2g2h2 and p3g3h3, represent the respective densities of the fluids in the two outlet channels 53, 

54; here of the separated blood components, RBCs and plasma. 

m Moreover, the fluid pressure terms pgh may be more accurately be considered as 

J%0    summations (e.g., 2(pgh)n ) of contributing parts whether of unit parts of the length (e.g., where 

the density of a constant fluid may exhibit variation along the length or height of a column; 

summation or even integration may be used herewith) or when perhaps multiple fluids more 

accurately contribute to the pressure in a given column. As a first example, the first p value, in 

pigihi, includes both a whole blood and an RBC component, such that the pressure term pigihi 

25    is actually the sum (E(pgh)i )of an pRBCgRBchi value and an pwhoie bioodgwhoiebiood(hi-hi) value. 

The hi value is shown in Fig. 8 as the height of the interface of the separated RBCs 91 with 

respect to the separated plasma 92 in, adjacent or near the intersection 49 of the inlet channel 46 

with the peripheral channel 50. The interface between the RBCs and plasma is identified by the 

general reference number 96 in Figs. 7 and 8. Thus, the hydraulic pressure term for the inlet 

30    channel 46 is the sum of the above interface related values as in 
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Plglhl =   f>RBCgRBchi + Pwholebloodgwholeblood(hl-hi) 

The terms for use in the selection of the respective heights for creating the preferred positive 

5    direction flow according to Equation 1 are thus more fully defined. For example, Equation 1 can 

approach: E(pgh)i > E(pgh)2 , or, S(pgh)i > Z(pgh)3 - 

Similarly, the second p value, in p2g2l*2> includes at least a plasma and usually also an 

RBC component, such that the pressure term p2g2li2 is actually the sum (2(pgh)2 )of an 

10    PRBcgRBchi value and an ppiaSmagpiasma(h2-hi) value. Thus, the hydraulic pressure term for the 

outlet channel 54 is the sum of the above interface related values as in 

P2g2h2 =   PRBCgRBchi + Pplasmagplasma(h2-hi) 

w 

Jl5 Still further, it is the location of the interface 96 between the RBCs and the plasma which 

ft      is, according to the present invention, sought to be controlled such that the height, hb thereof 

51        remains within a certain preferred range as the interface 96 meets with respective walls 66,67 of 

U      the circumferential channel 50. This height, hi? of interface 96 will thus preferably be so 

maintained by the pre-selection of the respective heights h2 and h3 so that they are related to each 

p20    other such that the fluid pressure values of p2g2h2 and p3g3h3 (as generally introduced in 

Equation 1, above) are equal to each other, i.e.; 

P2g2h2 - P3g3h3 (Equation 2). 

25    This then provides a hydraulic or hydrostatic pressure balance to maintain the interface at a 

substantially static height, notwithstanding the continuous inflow into and outflow from 

channel 50. But note here also, the p value in this p3g3h3 may have both an RBC and a plasma 

component such that p2g2*i2 is again the sum of a PRBcgRBchi and a ppiasmagpiasma(h2-hi) (hi again 

being the height of the interface, as shown in Figs. 7 and 8). And, Equation 2 can become more 

30 particularly; 
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P2g2h2 = PRBCgRBchi + PplasmagplasmaO^hi)   - P3g3l*3 (Equation 3). 

Note, the P3g3h3 pressure term here could also be thought of in composite parts; however, as 

shown and described it will generally have only one component fluid (the heavier phase 

separated component) and thus maybe thought of more generally (for example using an average 

g value and an average p value to arrive at a single pg value such as pRBcgRBC for separated 

RBCs. 

Note, in the preferred situation where    pigihi > p2g2h2 or p3g3h3 and where 

P2g2h2 = P3g3h3 , the flow dynamics here will be such that in any event where any part of any 

term changes, the selected relationship will bring the pressure terms as a whole back or 

automatically readjust to equalization. Thus, if for some reason p3 were to change (e.g., become 

lesser or greater) during operation, then flows will change such that the interface hs will move to 

counteract this change. In an example if the p3 were to become greater such that the P2g2h2 

term would tend to grow in value, then the p3g3h3 term would tend to grow, likely by flowing 

faster (or likely at least not at its previous rate) and gain by raising the interface, e.g., the hj 

term in the previously established relationship: 

P2g2^2 =   pRBCgRBchi + Pplasmagplasma(h2-hi) 

As another example, if the less dense component (e.g., plasma) lessens at any time, it will get 

preferential flow out of one port (e.g., the plasma port), and the heavier component (e.g., RBCs) 

will slow or not flow until the p2g2h2 term increases as described above, e.g., when the hj term 

rises sufficiently. Moreover, all three columns will go toward equalization in a no-flow situation 

(e.g., the hi will drop to a level (particularly if no further fluid supplies the inlet channel 46) 

such pigihi = P2g2h2 = P3g3h3 ; at which point flow will be stopped. This provides an 

automatic flow stop or shutoff feature when supply of composite fluid in containment area 42 is 

extinguished (the heights will then generally assume a relationship such as h2 > hi > h3). hi 

any event, these relationships will tend to drive toward an equalization, even if flow in one or 
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more of the columns stops for a period; and the terms may not always be equal, but they will 

equalize. 

In all of these cases then, the configuration selectable values are preferably the h values. 

5    The particular fluids to be and consequently are separated dictate the p values, and the g values 

are governed mainly by the materials involved and the centrifugal forces applied to the system. 

Thus, when deciding the size and relative configuration of the desired centrifugation system, the 

selectable values are the inlet channel height or length hi relative to outlet channel heights h2 

and h3; as well as the relative outlet heights h2 and h3 to each other according to the above 

10    Equations 1 and 2 and 3. Note, it is also preferable to choose relative channel outlet heights h4 

and h5 such that the plasma outlet 52 represented by height h4 in Fig. 8 is radially further inward 

than height h5 which represents the RBC outlet 51 from channel 50. Moreover, it is further 

0      preferred that h4 and h5 are related to h, (even though shown relative to two different reference 

Q      circles) such that h{ is disposed above h5 and below h4 to assist in maintaining the interface 

|5l 5    within the channel 50. This constitutes a preferred definition of a semi-spiraled configuration of 

W       channel 50 relative to the rotational axis 45 (see Fig. 8). 

35 

f7 Control over interface 96 using Equations 2 and 3 provides a distinct advantage. First, if 

W      interface 96 were not so controlled, it could fall either radially outwardly along wall 67 so that 
fi jj 

O20    separated plasma could ultimately spill into the RBC outlet channel 53 and undesirably dilute the 

RBC product flowing through outlet 55 to collection area 43. Or, the interface 96 could 

alternatively, ride too high, radially inwardly, along wall 66 such that a buffy coat component 

and/or RBCs could spill into the plasma outlet 56 into plasma collection area 44. The "buffy 

coat" blood component, as known in the art, generally rides on the interface 96. The buffy coat 

25    generally includes platelets and white blood cells therein. And, if the interface 96 is not 

controlled or maintained a sufficient distance from either of the outlets 55, 56, then these buffy 

coat blood components could spill into and contaminate either of the RBC or plasma products. 

White blood cells (WBCs) are particularly unwanted in both RBC and plasma products due to 

the possible contamination of such white blood cells with certain undesirable pathogens, 

30    including HIV viral contamination, for example. However, because centrifugal separation will 
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less effectively separate WBCs from RBCs, the WBCs are more likely to be addressed separately 

relative to the RBCs with a (pre- or) post-centrifugal filtration, hi other words, the present 

invention, like other centrifugal separation systems, will likely not sufficiently leukoreduce red 

blood cells. Rather, although the buffy coat including the WBCs will preferably ride on the RBC 

5    layer, they will not likely be sufficiently separated from the RBCs here so as to produce a 

leukoreduced RBC product. However, the buffy coat including WBCs can be sufficiently 

centrifugally separated from the plasma product by the present invention so long as the height of 

the interface h\ is sufficiently controlled as taught herein. Note, the buffy coat maybe retained 

sufficiently in vessel 26 (particularly using the automatic shutoff feature described above) so that 

10    the buffy coat may be collected and further processed into component parts (such as platelets, 

e.g.) for further use in transfusion, e.g. 

h Nonetheless, once the whole blood 90 has traveled through the separation channel 50 and 

S      has been separated into components, particularly into RBCs 91 and plasma 92, then these 

%5    components 91 and 92 will flow out through their respective outlets, namely outlets 55 and 56 

|jj       into collection areas 43,44. Again, even though this is generally a batch process, the flow during 

*.        separation is a continuous flow process such that during the process the whole blood 90 

continuously flows into the centrifugal configuration, particularly the separation portion 41 of the 

0       channel 50 of the centrifuge rotor 40, and blood components 91 and 92 are continuously 

Q20    separated therein and continuously flow out of the centrifugal configuration separation portion 41 

of the centrifuge channel 50 through the outlet channels 53,54 to and through outlets 55 and 56 

into the respective collection areas 43,44 of rotor 40. 

Specifically, returning to Figs. 6B and 6C where the above-described embodiment is 

25    shown such that flow through the respective RBC and plasma outlets 55,56 (also known as 

container inlets 55,56) and tubing lines 21,20 lead ultimately to fluid containers 23,24. Note, 

in the embodiment shown here, the fluid is still in the centrifugal field as well as in the fluid 

pressure drive and balance which forces a forward flow from containment area 42 to the 

respective collection areas 43 and 44. This pressure drive may thus be a fluid flow pressure 

30    which forces a flow of the fluid in and through the respective RBC and plasma outlet tubing lines 
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21,20, and a further flow even upwards (if necessary or desired), against the pull of gravity out 

of channel 50 and vessel 26 into the storage bags 23,24. 

Several important advantages are achieved with a device such as that shown and 

5    described herein. A first such advantage is the elimination of numerous control elements which 

were often required in previous centrifugal separation systems. For example, the hydraulic 

pressure-balanced interface control shown and described here eliminates the need for optical or 

other feedback loop interface control elements (including pumps, for example). The present 

pressure-balance controls can also be substantially independent of the blood hematocrit (within 

10    normal ranges of donor hematocrit) and relative flow rates of the inlet and outlet fluids. This 

eliminates the need for complex flow rate calculations and pumps and pump controls therefor 

(i.e., eliminates computer calculations and multiple flow control pumps; in various conventional 

embodiments, multiple pumps, inlet and outlet, have been required to be maintained in dynamic 

t      control relationship with each other constantly by computer in order to provide proper interface 

2l 5    control). Thus, at the least, no inflow pump is required here, and blood may instead be fed from 

the whole blood container 22 into the separation channel 50 and vessel 26 by the centrifugal 

forces of the spinning rotor 40 and the fluid pressure imbalance pigihi > p2g2h2 or P3g3h3 

(Equation No. 1). The lack of an inflow pump and preferred closed, but batchwise/continuous 

process as well as the less complex rotational drive mechanism further eliminates the need for a 

f§20    rotating tubing loop. This serves to greatly reduce the quantities and sizes of the mechanical 

components (tubing loops in rotating loop systems often generally dictate the minimum mechani- 

cal element requirements and size); and this thus also allows for an overall reduction in scale of 

the separation device as a whole. A closed batchwise system (no inflow pump) also eliminates 

any need for a rotating seal at the inlet connection of the inflow line to the separation device. 

25    This greatly reduces complexity and a large potential for operational failure. Also, the rotor and 

housing combination are easily made in a totally closed system which can be simply sterilized 

and can be completely disposable, or, as particularly in the case of rotor 40, reusable without 

sterilization particularly if used with completely closed, sterilized tubing bag systems 16 as 

described herein. The reduced scale and mechanical complexity contribute to the disposability 

30    and/or reusability benefits as well. 

I- 

y. 
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A further advantage can be realized in the output product quality. In particular, a virtually 

constant maximum hematocrit may be obtained for all resultant red blood cell products because 

the presently described separation device may be operated within a range of revolutions per 

5    minute (RPMs) at which the product hematocrit does not substantially vary. For example, the 

present invention maybe operated at high RPMs; speeds which are heretofore not usually 

achievable for various reasons (e.g., drive mechanism or tubing loop or rotating seal problems at 

such high speeds). And, at such speeds, virtually all RBCs will be separated out from the input 

whole blood, thus yielding an RBC product with the highest available hematocrit. Note, the 

10    highest available hematocrit is a number above 80 % and less than 100 % and which approaches 

a substantially constant asymptote which is in the area of approximately 90 or 95 %. At speeds 

in the range of such high RPMs, the resulting hematocrit is virtually equivalent to the asymptotic 

h      maximum throughout that range. At much lower speeds (e.g., 3000 RPMs or below), the 

JS      resulting hematocrit may significantly diverge from the asymptotic maximum. Fig. 6C shows the 

Ujl 5    system at or near the end of a process such that the whole blood bag 22 is substantially empty (or 

W       filled with air) with bags 23 and 24 filled with respective RBC and plasma products and 

preferably little remains in the vessel 26 except perhaps preferably a usable buffy coat product. 

13 Referring once again to Fig. 1, a few basic alternatives will now be addressed. First, it 

m20    should be noted that the embodiments shown in the drawings do not immediately provide for 

^       simultaneous collection from a donor/patient or other composite fluid source 11 and centrifugal 

separation. Rather, the Fig. 1 embodiment is generally directed to collecting a container of 

composite fluid in a container 22 and then detaching from the donor 11 before starting the 

centrifugal separation operation. Otherwise, what is also shown as an option is the use of an 

25    anticoagulant (A/C) which may be preferred and particularly is preferred when blood is the 

composite fluid to be separated using device 10. In the preferred alternative, A/C may be 

disposed in bag 22 prior to collection such that during collection, the blood from donor 11 flows 

through tubing 18 into bag 22 and is then mixed with the A/C therein to form an anticoagulated 

blood mixture. Thus, a direct connection to a donor 11 can be made as shown in solid lines in 

30    Fig. 1. Note, the present invention may be used in a process (not shown) to separate previously 
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collected composite fluids, like blood, without the need for anticoagulant addition (in the case of 

previously collected blood; such blood will very likely already have an anticoagulant added 

thereto by any of a variety of methods, and thus does not require additional quantities thereof). 

However, in another embodiment, an anticoagulant system 99 with an AJC container 99a is 

shown in dashed lines in Fig. 1 as it might be incorporated into the overall system. In particular, 

the anticoagulant container 99a may be connected to a tubing line 99b which is in turn connected 

to a manifold 99c disposed in fluid communication with the blood inlet line 18. Such a manifold 

connection is known and used frequently in this field of art. The anticoagulant may then be 

pumped or allowed to free flow by gravity force into the tubing line 18, such free flow being 

controlled by careful selection of the inside diameter of the AJC tubing line 99b. Preferably, 

however, an anticoagulant pump (not shown) may be used to control the inflow of AJC into the 

inlet line 18. Peristaltic pumps for this purpose are well known in this field (as are other pump 

types; e.g., linear piston plunger pumps, inter alia). 

Another basic alternative available with this invention involves the optional return of 

certain separated blood components back to the donor, rather than retaining these in the collec- 

tion reservoirs 23,24. An example embodiment for returning a quantity of either (or both) 

separated RBCs and/or separated plasma back to the donor 11 is not shown in the drawings but 

would preferably take place after the centrifugation process is completed. As such, a bag 23 

containing separated RBCs and/or a bag 24 containing plasma may be removed from the rotor 40 

and then treated, stored or otherwise dealt with in the ordinary course. Then, when reinfusion to 

the donor or transfusion to a patient is desired, an infusion line (not shown) may be connected to 

and through a port structure 28 in a fashion known in the art (using, e.g. a spike, needle or other 

sterile docking connection means). Then, when it may be desired to return a quantity of a sepa- 

rated component (RBCs or plasma) to the donor 11 (or transfused to another patient), the desired 

component may then be allowed to flow out of its respective container 23 or 24 or the like, 

through its respective return/infusion line (not shown), back toward and into the donor or 

patient 11. Accomplishment of these particular flows may simply involve gravity drainage of the 

desired blood component from its collection/storage bag 23 or 24, and/or it may involve the use 

of one or more pumps, preferably of the peristaltic type. Thus, respective pumps may be engaged 
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with each return/infusion line (not shown) and then may be activated at a desired operational 

point to pump the desired separated blood component out of its reservoir and through the 

respective tubings, and back into the donor or patient 11. 

Note, as shown and described for the most part throughout this specification, the inlet to 

whole blood collection bag 22 and the outlet from bag 22 as well as the inlets to bags 23 and 24 

have preferably not required any pumping means, internal or external. The inlet through tubing 

line 18 is preferably gravity driven; and the outlet and inlet flows through tubing lines 19,20 

and 21 are preferably driven by the fluid pressure drive of Equation No. 1 and the centrifugal 

energy imparted to the fluid as it is subjected to the centrifugal forces imparted on the rotor 40 by 

the centrifuge drive 12. However, other motive means may alternatively be employed for 

any/either of these flows as well. For a first example, a peristaltic or other fluid pump (not 

shown) may be used to draw blood from the donor/patient 11 and feed the blood to the whole 

blood bag 22. However, it should be noted that this would preferably occur prior to 

centrifugation; and with (or even without) such an assist, particularly if it provides much of an 

increase over a gravitational pull, an additional employment of a clamping device (not shown in 

the drawings) on the outlet line 19 of bag 22 may be desired. An example of such a clamp could 

take on many of the forms known in the art. 

Similarly, though centrifugal forces are preferred for moving the separated components 

into and out of the separation channel 50; this may be used with other motive means here as well. 

As a first example (not shown but introduced above) after centrifugation, the collection bags 23, 

24 may be disposed lower than the separation area 41 and/or containment area 42 and the 

separated components may then use gravity-drainage as an assist to move the components from 

the separation channel 50 to the collection bags 23,24. Another alternative involves the use of 

external pumps (not shown), also preferably after centrifugation, of preferably peristaltic or other 

alternative types to move the separated components from separation channel 50 through 

respective tubing lines 20,21. Note, such pumps (not shown) may also provide greater 

assistance with a few of the other alternatives described above. A positive force may be 

desirable and/or even necessary to move remainder fluids from the channel 50 to the bags 23, 24 
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after completion of the centrifiigation process. Thus, such optional pumps may provide a 

desirable assist to any centrifugal and pressure-balanced flow action; or such pumps could 

provide the sole driving force for drawing separated fluids from the separation channel 50, 

moving them through respective tubing lines 20,21 to the bags 23,24. 

Turning now to a few slightly more divergent alternative embodiments, reference is first 

made to the isometric view shown in Fig. 9. The primary distinction this centrifuge unit 14a has 

over that shown, for example, in Figs. 1-4, is that the separation area 41 of the distinctive rotor 

40a, as shown in Fig. 9, includes distinctive pockets serving as the collection areas 43a and 44a. 

The previous RBC and plasma collection areas 43,44 (from Figs. 1-4) have now been turned into 

substantially rectangular pockets 43a and 44a, in this Fig. 9 embodiment, and the pockets 43a 

and 44a have also preferably been tilted as shown in Fig. 9 (and Fig. 11 A, et al„ see below) to 

provide a bag retentionability during centrifiigation. Nonetheless the functionality remains 

substantially the same in this embodiment as it was in the embodiment of Figs. 1-4. A composite 

fluid still flows out of the central containment area, here designated 42a, to the separation 

channel, here 50a, where the fluid is separated and the separated components then flow to each 

respective outlet region 51 a, 52a to the collection areas 43a, 44a. Note, dashed lines 53a, 54a 

shown in Fig. 9 represent either outlet channels or outlet tubing lines (or both) which lead to the 

respective pockets 43a, 44a. See also solid line versions of channels/tubing lines 53a, 54a in 

Fig. 10. 

This embodiment of Figs. 9 and 10 does not differ substantially operationally from the 

embodiments of Figs. 1-8. Rather, a primary difference would likely be in manufacturing where 

the rotor 40 of the previous embodiments of Figs. 1-8 may likely be formed by molding plastic, 

and the alternative rotor 40a of Figs. 9 and 10 may not require molding and instead could be 

formed from sheet materials, such as plastic sheet, either cut and adhesively manufactured into 

shape, such as in pockets 43a, 44a; or, perhaps by heat shaping, rolling and/or bending into 

circular or substantially circular walled members like containment area 42a and the peripheral 

channel 50a. 

B0023-US01 -28- 



Thus, pockets 43a and 44a may each have several walls, as shown, including for 

example, top and bottom walls 43b, 43c and 44b, 44c. Respective side walls 43d, 43e and 44d, 

44e are also shown in this embodiment (Fig. 9). Slotted apertures 55a and 56a are shown as 

preferably formed in respective side walls 43e and 44e. Apertures 55a and 56a cooperate with 

5    channels/tubing lines 53a, 54a to provide ingress flow into respective pockets 43a, 44a. 

Similarly, respective wall members may be easily formed to create the other primary 

portions of rotor 40a as shown in Fig. 9. A circular cylindrical wall 62a can form blood 

containment area 42a and respective radial walls 64a, 65a form radial inlet channel 46a, as do 

10    inner and outer circumferential walls 66a, 67a form circumferential channel 50a. A substantially 

common floor 47a is also shown, see particularly Figs. 11 A-l ID. 

| In operation, this Fig. 9 and 10 embodiment works as described before, and is rotated 

5      about a central axis 45 as shown in Figs. 10 and 11 A-l ID. A composite fluid such as whole 

Jb    blood 90 is disposed in a containment area 42a (see Fig. 1 IB), and when rotor 40a is caused to 

rotate, the composite fluid flows out of containment area 42a into and through channel 46a to the 

circumferential channel 50a. The composite fluid is separated into components such as RBCs 91 

+       and plasma 92 (see Figs. 11C and 1 ID) in separation area 41a of channel 50a (see Fig. 10). The 

t      separated components then flow through respective portions of the channel 50a to their 

SO    respective collection areas 43a and 44a (see flow arrows 85, 87 and 88 in Fig. 10) in a fashion 

such as that described for Figs. 7 and 8 above. 

Forward flow is here also caused and maintained by the respective fluid pressure values 

such that the fluid pressure in and through inlet channel 46a is greater than those in the exit flows 

25    in channels 53a and 54a. The inlet pressure is pigihi where pi is, as above, the density of 

whole blood and hi is the relative height of the inlet 48a of channel 46a from the exterior 

reference circle 97 and the relative outlet pressures are p2gi^2 and p3g3h3 (as above) where p2is 

the density for plasma with a corresponding height h2 to the plasma outlet port 56a, and p3 is 

the density of the RBCs with a corresponding h3 to the RBC outlet port 55a; Note, here also the 

30    h2 value may include a modification term related to the pRscgRBchi where hi is the height of the 
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interface (not directly shown in Fig. 10; but see similar interface in Figs. 7 and 8 above) between 

the separated components in the separation area 41a. In any event, the pigihi value (with or 

without an hi modification) is preferably established to be greater than either of the outlet 

pressure values p2g2l*2 and p3g3h3. This is Equation No. 1 from above. Moreover, here also, 

5    the interface is maintained in a desirable location by the equalization of the outlet line fluid 

pressures such that p2g2h2 = P3g3h3 (Equation No. 2). 

Further facets of the operation can be seen in the cross-sectional views of Figs. 11B-1 ID. 

A tubing and bag set such as set 16 from Fig. 5 may also be used with rotor 40a and thus may be 

10    placed into rotor 40a as shown in Fig. 1 IB. As is depicted here, a substantially full bag 22 may 

be disposed in receiving area 42a with the empty vessel 26 and bags 23, 24 disposed in their 

respective receiving areas, vessel 26 in channel 50a and bag 23 in pocket 43a and bag 24 in 

O      pocket 44a. Radial tubing line 19 would be disposed in channel 46a (not directly shown) and 

5      tubing lines 20,21 are, as is partially shown in Figs. 11B-1 ID, run from the circumferential 

jk.5    channel 50a to the respective pockets 43a, 44a. As shown in Figs. 9 and 11B-1 ID, no actual 

receiving channels (see the dashed lines 53a and 54a in Fig. 9) may be necessary for retaining 

■        tubing lines 20, 21. Similarly, though not shown as such in Fig. 9, a physical receiving channel 

P       46a with defining walls 64a, 65a may also not be necessary for holding the radial tubing line 19 

H       leading from containment area 42a to channel 50a. Thus, it appears that even certain other 

C20    interior walls (see e.g., interior channel wall 66a and/or perhaps bottom walls 43c, 44c) may not 

be necessary either. What is necessary is some structure to retain the circumferentially flowing 

fluids in the orientations presented in Fig. 10 such that the respective heights, hi, h2 and h3 , are 

maintained relative to each other. 

25 Nonetheless, Fig. 1 IB depicts the relative rotor 40a and bag set 16 prior to centrifugation. 

Fig. 11C, then, shows the same combination as in Fig. 1 IB after centrifugation has begun. The 

whole blood in bag 22 is forced by the centrifugal forces toward the exterior definition of 

containment area 42a, also known as the wall 62a. A lid 36a (Figs. 1 IB, 11C and 1 ID) may be 

used to maintain a vertical upper limit of travel for such whole blood within containment area 
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42a. Although not shown here, the fluids in containment area 42a could take on a semi- 

parabolically shaped disposition such, for example, as that shown in Fig. 6B. Note, also as 

shown in Figs. 11B-1 ID, is a passage or structure 27a which is disposed in and/or through 

lid 36a and which communicates with air vent structure 27 of bag 22 to provide for air ingress 

5    into bag 22, particularly as whole blood seeks wall 62a and outflows therefrom. Here also a 

microorganism filter (e.g. 0.2 micron) may be used to maintain sterility inside the bag 22 and 

system 16. Returning briefly to Fig. 10, blood flowing out of bag 22 and containment area 42a 

travels through tubing line 19 and/or channel 46a (not shown in Figs. 11 A-l ID) to the channel 

50a. See flow arrow 85 in Fig. 10. In channel 50a, the whole blood (or other composite fluid) is 

10    separated into its component elements (see separation area 41a, and see Figs. 7 and 8 described 

above), and the component elements then flow in channel 50 in their respective directions, see 

flow arrow 87 for RBCs flowing counterclockwise, and see flow arrow 88 for plasma flowing 

O       clockwise. These directions (or the opposites) may be used with a clockwise rotation, see arrow 

§       95, of the rotor 40a or with a counterclockwise rotation (not shown). Separated RBCs 91 are 

Hh 5    shown as they flow in vessel 26 in channel 50a in Fig. 11C. Separated plasma 92 is similarly 

W      depicted (though as a substantially clear fluid) in Fig. 11C. Also shown here are the respective 

s        flows of separated components, RBCs 91 and plasma 92, through their respective tubing lines 21, 

U,       20 (dashed line representations of the would-be channels 53a, 54a are also indicated) to the 

9       respective bags 23,24 inside pockets 43a, 44a. RBCs 91 are shown filling bag 23, as it would 

£320    under centrifugal forces, to the outside first (as also would the plasma 92 into bag 24). The 

respective heights h3 and h2 are also shown generally in Fig. 11C. 

The completion portion of the centrifugation process is shown in Fig. 1 ID such that 

substantially (if not completely) all of the whole blood (or like component fluid) is removed from 

25    the bag 22, having flowed therefrom through tubing line 19. Air has preferably substantially 

filled bag 22 by ingress through vent 27 and aperture structure 27a. Bags 23 and 24 have been 

substantially filled with respective components, RBCs 91 and plasma 92, with preferably a 

minute remainder of fluids (or a buffy coat product) in vessel 26 and tubing lines 19, 20 and 21. 

Rotation of rotor 40a can then be stopped and bag set 16 removed therefrom. Tubing lines 20, 
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21 can then be heat sealed and/or cut to separate collection bags 23, 24 therefrom for subsequent 

storage processing and/or use in transfusion (as known in the art). 

Note, air an air vent 27 on bag 22 will preferably allow bag 22 to achieve a somewhat 

cylindrical shape for the composite fluid to seek the wall 62 of area 42 and provide for simplicity 

in allowing egress therefrom. However, air likely will not, but may have been vented from bags 

23,24 during operation as introduced above; however, as understood, any such vents 27 in bags 

23, 24 may then need to be sealed shut after centrifugation for more desirable storage conditions. 

Note also that subsequent processing (e.g. leukoreduction, filtration, viral inactivation or storage 

solution addition) prior to storage or use of the separated components may also be desired, and 

such may be performed preferably after completion of the centrifugation process. 

Another set of alternative rotor/separation channel schemes is shown in Figs. 12-16. A 

challenge in implementing the RBC/plasma separation device described hereinabove involves 

single whole blood product scale and associated manufacturing and mechanization. According to 

the preferred embodiments, the above rotors are designed to accommodate an approximate one 

whole blood unit or bag 22 with its associated component collection bags 23, 24. A 

correspondingly-scaled, single unit motor base 12 may then spin one such rotor 40 (or 40a; 

Figs. 9a and 10) at a time. As such, this may provide an attractive simple scheme for what is at 

times referred to as "chairside" separation, i.e., separation at or near the site of the donation of 

the whole blood unit. However, some operators may prefer and/or some situations may dictate 

the processing of more than one whole blood unit at a time. Such is provided by the 

embodiments of Figs. 12-16. 

First, Fig. 12 shows, for example, the incorporation of two discrete processing areas 

200a, 200b in/on one rotor 240. Fig. 13, et ah show four such areas 400a, 400b, 400c, and 400d 

on one rotor 440. Note the respective suffix characters a and b in Fig. 12 and a, b, c and d in 

Figs. 13, et aly are intended here to generally indicate and distinguish the similar elements of the 

distinctive processing areas, e.g. 200a and 200b in Fig. 12 and areas 400a, 400b, 400c and 400d 
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in Figs. 13, et ah Thus, and in comparison to the elements of the above-described embodiments, 

the single blood separation pathway 50 (and 50a) of the initially described centrifugation 

configuration embodiments (see Figs. 1-4 and 9-10, e.g.) can be divided into two or more 

tandem, opposing flow pathways 250a and 250b; and 450a, 450b, 450c and 450d as shown, for 

5    example, in the respective rotors 240 and 440 of Figs. 12 and 13. The two flow paths 250a and 

250b in Fig. 12 are preferably opposed so as to balance each other by weight distribution in the 

centrifuge rotor 240 (as are the four paths 450a, 450b, 450c and 450d in the rotor 440, etc.) 

regardless of the material filling the flow paths, whether the materials are air, blood, or any other 

fluid. Similarly, other multiple processing area schemes will provide similar fluid balancing (not 

10    all shown). 

Moreover, in describing the other parts of these alternative configuration embodiments in 

!□      slightly more detail, Fig. 12 shows in rotor 240 two discrete whole blood containment areas 242a 

S       and 242b in which whole blood to be separated will first be disposed. Two red blood cell 

%5    (RBC) collection areas 243a, 243b and two plasma collection areas 244a, 244b are also 

W       included. Two discrete radial inlet channels 246a, 246b are shown as connected between 

1        respective whole blood areas 242a, 242b and the corresponding semi-circumferential channels 

250a, 250b. Also connected to each of these respective channels 250a, 250b, at either end 

p       thereof are respective channels for feeding separated components to the component collection 

p20    areas 243a, 243b and 244a, 244b. These channels are more specifically the RBC outlet channels 

253a, 253b and the plasma outlet channels 254a, 254b. As such, respective outlet channels 

253a, 253b feed from the RBC outlet regions 251a, 251b of channels 250a, 250b to the 

respective RBC collection areas 243a, 243b. In similar fashion, two plasma outlet channels 

254a, 254b feed from the plasma outlet regions 252a, 252b to the plasma collection areas 244a, 

25    244b. As will be further described below, similar structural features are also included in other 

multiple unit processors (see, e.g., Figs. 13-18 and 19A-19D). 

In any event, the principally preferred features hereof are shown by, for example, the 

disposition of the respective separation channels 250a, 250b such that the respective RBC outlet 

30    regions 251a, 251b thereof are disposed radially further outwardly than the respective plasma 
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outlet regions 252a, 252b thereof. Reference circle 297 representing the preferred circular 

circumference of rotor 240 assists in the demonstration of this feature. This may also be thought 

of in terms of the channels 250a, 250b being disposed such that they spiral inwardly (relative or 

about the axis 245) over the whole arc of the channel 250a, 250b (if looked at from RBC 

5    outlets 251a, 251b to the plasma outlets 252a, 252b) or at least from the inlet thereto from 

channels 246a, 246b inwardly to the plasma outlets 252a, 252b. Thus, also, the channels 250a, 

250b may be described as spiraling outwardly over the arcs thereof (from the plasma outlets to 

the RBC outlets) or at least outwardly from the inlets to the channels 250a, 250b (at the 

intersections 249a, 249b with radial channels 246a, 246b) to the RBC outlets 251a, 251b. 

10    Relative to circumference 297, this may be seen by the relationship of h4 > h5. Note, here also 

hj, the height of the interface (interface not shown) is preferably between h4 and h5; e.g., hi is 

disposed preferably below the outlet represented by h4 and above the outlet represented by h5 

13      (see, e.g., Fig. 8 and description thereof). Additionally, the above described fluid pressure 

jp      relationships involving the inlet and outlet "heights" {e.g., to inlet ports 248a, 248b and outlet 

^5    ports 255a, 255b and 256a, 256b) remains desirable in this and other multiple unit embodiments 

W      hereafter described. In particular, the forward flow driving relationship is the same here where 

„       the inlet fluid pressure is greater than the combination of the outlet fluid pressures, particularly 
u 
L      by appropriate height selections; i e.: 

Here also, any or all of the pgh pressure terms may also include summations or correction 

factors to account for the presence of either gradient densities and/or more than one fluid 

component (composite or separated component fluid) separated component interface and the 

25    density differences associated therewith (see Figs. 7 and 8 and accompanying descriptions 

therefor). Similarly, the interface control feature described above also applies to these multi-unit 

embodiments. Namely, maintaining the outlet fluid pressures in substantially equal balance will 

keep the interface in a desirable position within the separation channels 250a, 250b. In particular 

this is accomplished by selecting the respective outlet heights such that: 

pigihi > P2g2h2 , or, pigiht > p3g3h3 (Equation No. 1). 

30 
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P2g2h2 = P3g3h3 (Equation No. 2). 

This provides interface control. Note, the respective h values for the respective channel heights 

are preferably (but not necessarily) equal to maintain balance of the overall rotor. For example, 

5    the respective hi's for the respective inlets 248a, 248b are preferably (but not necessarily) of the 

same value. Similarly, the h2's for the plasma outlets 256a, 256b are preferably equal, as are the 

respective h3's for the RBC outlets 255a, 255b. 

As introduced above, Fig. 13 shows a similar multi-unit embodiment with a rotor 440 

10    which here has four processing areas generally designated 400a, 400b, 400c and 400d as will 

now be described in more detail. Note the corresponding elements from the respective four 

separate processing areas 400a-d have discrete suffixes a, b, c and d after each respective 

O      identification numeral to thereby identify and distinguish the discrete but similar elements of the 
K "5 
p      discrete processing areas 400a-d. 
is 

W As such, there are four substantially centrally disposed whole blood receiving/ 

*        containment areas or pockets 442a-d which feed into four respective inlet channels 446a-d at the 

L.      inlet ports 448a-d thereto. Channels 446a-d then feed into peripheral channel portions 450a-d at 

5      the inlet ports 449a-d. Channels 450a-d then communicate with respective RBC and plasma 

Q20    outlet channels 453a-d and 454a-d via respective outlet ports 451 a-d and 452a-d. Outlet 

channels 453a-d and 454a-d then communicate to respective RBC and plasma collection areas or 

pockets 443a-d and 444a-d. Outlet ports 455a-d and 456a-d provide this ultimate 

communication. Figs. 14 and 15 provide depth for further appreciation of the preferred discrete 

elements hereof. 

25 

Note here also that the relative distances or "heights" of the inlet and outlet ports, 

particularly inlet ports 448a-d and RBC and plasma outlet ports 455a-d and 456a-d are the 

drivers and controllers of the separation processing provided hereby. More particularly, the inlet 

height hi is chosen such that the fluid pressure therein, pigihi is greater than either of the fluid 

30    pressures in the outlet lines p2g2h2 and/or p3g3h3 (see Equation 1, above). And here also, there 
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may be a modification desired for the interface (if it occurs along this height) such that any 

higher density RBCs at a height of h-, can be used to provide more accuracy in the determination 

of the fluid pressure in or otherwise relative to the inlet line, e.g., in or near 446a-d. 

The interface control heights h2 and h3, (also known as the outlet heights) are thus also 

similarly chosen here such that the respective outlet fluid pressures are substantially equal. See 

e.g., Equation No. 2; i.e., p2g2h2 = p3g3h3- Preferably here also, the respective outlet heights h4 

and h5 from the baseline, e.g., the circumference 497 of rotor 440, are established such that h4 > 

h5; and also preferably such that the interface height hi is disposed therebetween; e.g. h, is 

below the port measure by h4 and above the port measured by h5. 

As above, these embodiment rotors may be manufactured using any of various methods 

including, for example, molding in plastic. The molds could be in one or more parts to arrive at 

the configurations shown or the like. Alternative processes and materials may also be used 

including the use of formable sheet materials as in the embodiments of Figs. 9,10 and 11A-1 ID 

in the production of non-molded multi-unit embodiments (not shown). 

Moreover, as the scale increases, e.g., as the number of processing areas, e.g., 400a-d; 

and/or as the radius from the central axis, e.g., axis 445 in Fig. 13, increases to the circumfer- 

ence, as in circumference 499 in Fig. 13, then larger driving centrifuge motor bases (not shown) 

will likely need to be used. Nonetheless, it appears that a multi-unit rotor such as rotor 440 of 

Figs. 13-15 (or other quantity units from two up to perhaps six, eight, twelve, or even more units) 

may be made to replace the rotor of an existing bucket or cup centrifuge machine; such machines 

typically already being used in blood banks for blood component separation. Thus, existing drive 

machinery may be used to generate the forces desirable for separation and flow (e.g., high 

revolutions per minute (RPMs) and/or large g forces such as up to perhaps 5000 g's (5000 x 

gravity), for an example). 
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A simplified, schematic representation of a spindle receptacle 500 to demonstrate one 

means for providing the operative interface of a rotor 440 with the drive shaft or spindle of a pre- 

existing rotor is shown in Fig. 15. 

5 Among various advantages of these embodiments, one may be found in the tubing and 

bag set 16a which may be used herewith as shown, e.g., in Fig. 16. The tubing and bag set 16a 

differs very little from the bag set 16 shown and described relative to Fig. 5, above. For example, 

there remain three primary bags; a composite fluid/whole blood bag 22 and two separated 

component bags 23, 24 (RBCs collected in bag 23, and plasma in bag 24) with associated tubing 

10    line connections 19, 20 and 21 emanating therefrom. The distinction lies primarily in the 

separation vessel 226/426, here, to which the tubing lines 19, 20 and 21 are connected. Prefer- 

ably, vessel 226 is a bag also made in the same fashion and from the same types of materials as 

13      the other bags 22,23 and 24. (Note, as introduced above, a bag was suggested as an alternative 

5      vessel 26 for the embodiment of Fig. 5 as well). Nevertheless, vessel 226/426 may be shorter (or 

% 5    longer) and/or perhaps wider (or thinner) and/or may have less (or more) volume than any of the 

W      other bags, depending primarily on the rotor configurations chosen, e.g., the length and width of 

a        the separation channel 50, 50a, 250 or 450 or otherwise as may be desired. For example, if the 

edges 26e, 26f (Fig. 16) were disposed in a wider disposition (see dashed line arrows), then the 

O       bag/vessel 226/426 may be more elongated even so far as to be adapted to wrap around a rotor 

f§20    such as rotor 40 or 40a (Figs. 2-4 and 9-11 A, e.g.). 

Further, it maybe desirable to use vessel 226 (or 26, or 426 (see Fig. 17)) to retain for 

collection and subsequent processing and/or use the buffy coat (white blood cells and platelets) 

which generally rides on the interface between the separated and continuously separating RBCs 

25    and plasma. An optional access/connection device 28a is shown in dashed lines in Fig. 16 to 

provide an option for access to the contents of vessel 226/426 after the centrifugation process. 

Vents 27 and/or access devices 28 are also shown on the other bags 22,23,24 as may be desired. 

Note, though not shown in Fig. 16, a vent 27 is preferably connected to bag 22. Also, as shown 

in Fig. 16, the donor access tubing line 18 is shown as preferred sealed and cut after a completed 

30    whole blood unit donation as introduced above (bag 22 thus being full of whole blood). The seal 
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and cut line 25a is shown here. Further, dashed line seal and cut areas 25b, 25c and 25d are also 

shown here as may represent the preferred seals and/or cuts of lines 19, 20 and 21 after 

centrifugation. Multiple other tubing line cuts and/or seals may also be used. A frangible 

connector 29 is also shown schematically in bag 22 in Fig. 16 which may be used to provide an 

initially closed off fluid communication through tubing line 19 until connector 29 is broken to 

thereby allow fluid communication from bag 22 into and through tubing line 19. Alternative 

flow stoppage members (not shown) could also be used here (or on the other tubing lines 20,21, 

.e.g.), such as slide or roller clamps or hemostats or the like, .e.g. 

Loading of an exemplary set 16a into an exemplary processing area 400c is shown in 

Fig. 17. In particular, it can be seen that a composite fluid bag 22 is disposed to be positioned in 

containment or receiving area 442c, with its associated tubing line 19 being disposed to be 

positioned in transport channel 446c. The collection bags 23,24 are likewise positioned to be set 

within their respective collection areas 443c and 444c with their associated tubing lines 21, 20 

being disposed to be positioned within respective channels 453c and 454c. Separation vessel 

426, here, is shown as it will be positioned in the corresponding peripheral separation channel 

450c. 

As shown in more detail in Fig. 18, an optional extension member 554 (dashed lines in 

Fig. 18) may be used to fix the inward extension of the channel 454c, here, to ensure the proper 

length or height of the fluid pressure term corresponding thereto. Thus, here height h2, measured 

from the dashed line reference 497, may be assured by the extension member 554. Similar 

extension members 556 and 553 may be used to fix the respective heights for the inlet fluid 

pressure value in channel 446c i.e., height hi, and/or in the RBC outlet fluid pressure in channel 

453c via height h3. Though not shown in Figs. 12-15,17 or 18, lips or ledges (such as ledges 60, 

70 in Figs. 6A, 6B and 6C) may also be used in these multi-unit embodiments to retain fluids 

within the respective areas and/or channels. A lid (see lid 36; Figs. 1 and 4) may also be used for 

this purpose in these multi-unit embodiments. 
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In any case, a preferred process using a processing area 400 is shown in Figs. 19A-19D. 

For example Fig. 19A shows the composite fluid 90 disposed in the generically referenced 

containment area 442. As introduced above, a bag set is not necessary, even if desirable, and 

thus will not be described relative to Figs. 19A-19D (however, Fig. 19A would correspond to the 

5    point immediately after which the bag set 16 or 16a (see Fig. 17) with a full whole blood bag 22 

will have been loaded into the containment and other associated areas 442,443,444, and 450 of 

a separation area 400). If a flow stoppage member or valve (such as a frangible connector 29, see 

Fig. 16) is used at the port area 448 between containment area 442 and channel 446; this member 

is then opened (or the frangible 29, broken) to permit flow into the channel 446. Note, shown in 

10    dashed lines in Fig. 19A are optional clamps or valves 653 and 654 disposed in or adjacent 

channels 453, 454 and which maybe used to ensure no flow conditions in channels 453,454 

until desired, as for example, until a sufficient rotational speed has been achieved. These may 

0 thus be centrifugal clamps which may be disposed on the rotor 440 and may be automatically 

5       activated by the achievement of a particular minimum rotational speed of rotor 440. 

^jlS Alternatively, these clamps may be manual (typical pre-rotation activation) or automated by other 

|xj      mechanical and/or electrical means to open and/or close during (or before or after) rotation. 

1 Nonetheless, Fig. 19A shows the system after set-up and prior to rotation. 

CI Fig. 19B then shows the initial flow condition when rotation of the rotor 440 has begun 

p20    about the axis 445. Flow has also begun out of area 442 through port 448 and into channel 446. 

This flow continues then down channel 446 into the peripheral separation channel 450 via the 

port area 449. Separation of the heavy and lighter phase components from the composite fluid is 

shown as it begins here in channel 450. The interface depicted at the height h{ demonstrates the 

separation. Separated components may then begin their respective flows up the respective 

25    channels 453, 454, although this flow may not be allowed by the optional clamping 

members 653, 654, until a predetermined desirable rotational speed has been reached. Thus, 

Fig. 19B could represent a sort of flow initiation, separation commencement and/or stasis during 

the transition from zero or low revolutions per minute (RPMs) to the high RPMs here ultimately 

desired. 
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Fig. 19C, on the other hand, represents the higher RPM situation where a continuous flow 

state (if used, the centrifugal flow clamps 653, 654 are now open) of separated components 91, 

92 flowing up from channel 450 through respective outlet channels 453,454 to the respective 

collection areas 443,444. Continuously also, the composite fluid 90 flows out of the 

containment area 442 through the channel 446 to the separation channel 450. The 

pigihi > P2g2h2 and/or pigihi > p3g3h3 (Equation No. 1) relationship provides the 

continuous forward flow here also. Thus, as above, hi to inlet port 448, h3 to port 455 and h2 to 

port 456 are the chosen forward flow variables. Separation into respective heavier and lighter 

phases then also continuously occurs in channel 450; however, the interface remains at the same 

height hi and as a general concept, the buffy coat (white blood cells and platelets) stay in the 

separation channel 450 riding on the interface. The p2g2h2 = P3gsh3 (Equation No. 2) 

relationship is used here also to maintain the interface at the hi level. The h2 and h3 values here 

being the selectable quantities. Similarly, and also as was described above, the channel 450 is 

offset in a sort of semi-spiraled fashion such that h4 is greater than h5 (h4 > h5). 

Then, once the composite fluid 90 has emptied out of the containment area 442, the 

rotation of rotor 440 may be stopped and also stopped would be the flows in the channels 446, 

453 and 454. This situation is shown in Fig. 19D. Indeed, if centrifugal clamps 653, 654 are 

used, these may be disposed to automatically close as the RPMs of rotor 440 reduce to a certain 

level. This would ensure no backward flow in channels 453 and 454 and thus no loss of product 

from the collection areas 443,444. An optional clamping element (not shown) may also be 

engaged on/in channel 446, as well. Then, when the rotor 440 is stopped, the respective 

separated components 91,92 may be removed from their respective collection area 443, 444. 

Bags 23, 24 (not shown in Figs. 19A-19D) would assist in this removal, and the associated 

tubing lines 21, 20 (also not shown in Figs. 19A-19D) could then be cut (see the cut areas 25c, 

25d in Fig. 16), so the component products 91, 92 may then be stored or subjected to further 

processing (pathogen inactivation, leukoreduction, filtration and/or storage solution addition, et 

cetera) or used in transfusion or otherwise. A buffy coat vessel 426 (also not shown in Figs. 

19A-19D; but see Fig. 16) may also be removed from the separation channel 450 and the 

contents 94 thereof further processed to extract, for example, platelets or other buffy coat 
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components therefrom for further use as maybe desired. Access to these contents in such a 

vessel 426 (or 226, see Fig. 16) could be through a connection device 28 as described for 

optional use in Fig. 16 and as would be used on the other bags 22,23 and/or 24. If a bag and 

tubing set 16a is used, then the remaining non-storage or further processing bags/tubing lines 

(e.g., bag 22, tubing lines 19, 20 and 21) may then be removed from rotor 440 and discarded as 

these are preferably disposable after use. Use of such a pre-sterilized disposable set would then 

enable the rotor to be used repetitively again and again without the need for re-sterilization 

thereof after each use. It would also alleviate an additional alternative need for manufacturing 

disposable rotors. 

Again, multiple units may be simultaneously processed in this fashion using a rotor 440, 

for example, disposed preferably within a pre-existing centrifuge device, particularly one with 

removable, replaceable/substitutable rotors. The multiple unit bag sets could then be handled in 

the same or a similar fashion to that described from Figs. 19A-19D. 

Other variations (not shown) are also possible including numerous options such as, but 

not limited to, processing unit quantities and/or structural placements of various containment 

and/or collection areas and/or channels on the respective rotors and/or relative to each other. 

Q       Methodology options also abound. Hence, these and various further modifications, adaptations 

#|20    and variations of the structure and methodology of the present invention will become apparent to 

^       those skilled in the art without departing from the scope or spirit of the present invention. It is 

intended that the present invention cover all such modifications, adaptations and variations as 

limited only by the scope of the following claims and their equivalents. 

25 
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